■mniniiiiiiii 

(tj) Publication number: 0 443 877 A1 

© EUROPEAN PATENT APPLICATION 



<g) Application number: 91301456.9 @ InL CI. 5 : F01D 5/20, C25D 15/02 

(§) Date of filing : 22.02.91 



(§) Priority: 23.02.90 GB 9004132 


@ Inventor : Wrlde, Vernon Maurice 


6 Hill Road 


. © Date of publication of application : 


Weston-super-Mare, Avon BS23 2RX (GB) 


28.08.91 Bulletin 91/35 


Inventor : Foster, John 




3 Vlan End, Whorl 


@ Designated Contracting States : 


Weston-super-Mare, Avon BS22 9QD (GB) 


BE DE ES FR GB IT NL SE 


Inventor : Taylor, Alan 


@ Applicant: BAJ Limited 


2 Bilbie Road, Whori 


Weston-super-Mare, Avon BS22 0QE (GB) 


Banwell 




Weston-Super-Mare Avon BS24 8PD (GB) 


(74) Representative : Robinson, Anthony John 




Metcalf et al 




Kilburn & Strode 30 John Street 




London, WC1N 2DD (GB) 



(54) Gas turbine blades. 

@ A method of producing a gas turbine blade having an abrasive tip comprising producing a binding 
coat 81 on the tip of the blade body (80) by electrodeposition, the binding coat comprising MCrAlY 
where M Is one or more of iron, nickel and cobalt, anchoring to the binding coat coarse particles (83) of 
an abrasive material by composite electrodeposition of the particles and an anchoring coat (82) from a 
bath of plating solution having the abrasive particles suspended therein, and then plating an infill (84) 
around the abrasive particles. The anchoring coat (82) may be of cobalt or nickel or MCrAlY as above 
defined and preferably has a thickness less than 30 ^m. The infill material may also be MCrAlY as above 
defined. Preferably, deposition of the infill (84) is accompanied by vibration of the blade in a direction 
which is substantially vertical and substantially along the axis of the blade. 
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a vibration with a peak level of about 2 g alternating with a vibration with a peak level of about 1 0 g. Preferably, 
each lower level phase is longer than each higher level phase; thus the lower level phases may be for between 
5 30 seconds and 2 minutes duration with a peak acceleration of about 2 g and the higher level phases may be 
for about 5 seconds duration with a peak acceleration of about 10 g. 

The invention may be carried into practice in various ways but a process of producing a gas turbine blade 
in accordance with the invention together with apparatus suitable for carrying out the process will now be des- 
cribed by way of example with reference to the accompanying drawings in which: 
10 Figure 1 is a perspective view of one of the plating baths used in the process; 
Figure 2 is a side elevation of the apparatus shown in Figure 1; 
Figure 3 is a front elevation of the apparatus shown in Figure 1 ; 

Figure 4 is a perspective view of the fixture used in the apparatus shown in Figures 1 to 3; 
Figure 5 is a plan view of a jig used in conjunction with the fixture shown in Figure 4; 
15 Figure 6 is a front view of the jig shown in Figure 5; and 

Figure 7 is an enlarged section through part of the tip region of a blade having an abrasive tip produced 
in the manner to be described; and 

Figure 8 shows an alternative apparatus for applying the infill. 

The apparatus shown in Figure 1 to 3 of the drawings comprises a vessel or container 1 having a paral- 
20 lelepiped shaped upper portion 2 and a downwardly tapering lower portion 3 in the form of an inverted pyramid 
which is skewed so that one side face 4 forms a continuation of one side face 5 of the upper portion. 

The vessel 1 contains a partition 6 which lies in a vertical plane parallel to the side faces 4 and 5 of the 
vessel and makes contact at its side edges 7 and 8 with the adjacent vertical and sloping faces of the vessel. 
The partition thus divides the vessel into a larger working zone 9 and a smaller return zone 11. At its bottom, 
25 the partition 6 terminates at a horizontal edge 12 above the bottom of the vessel to afford an interconnection 

13 between the working zone 9 and the return zone 1 1 . At its top, the partition 6 terminates at a horizontal edge 

14 below the top edges of the vessel 1 . 

At the bottom of the return zone 11 there is an air inlet 15 which is connected to an air pump (not shown). 
Mounted in the working zone 9 is a fixture 21 to which the workpieces to be coated are mounted, the fixture 

50 21 being arranged to move the workpieces within the vessel in a manner to be described in greater detail below. 
Conductors, not shown, are provided to apply a voltage to the workpiece mounted on the fixture 21 relative to 
an anode which is suspended in the working zone. 

To use the apparatus to codeposit a coating on the workpieces, the workpieces are mounted on the fixture 
21 which is positioned in the vessel as shown. Before or after the positioning of the fixture, the vessel is filled 

35 to a level 17 above the top edge 14 of the partition 6 with a plating solution containing particles to be co-depo- 
sited. Air is admitted to the inlet 1 5 and this rises up the return zone 1 1 , raising solution and entrained particles. 
At the top of the return zone, the air escapes and the solution and particles flow over the broad crested weir 
formed by the top edge 1 4 of the partition and flow down past the workpieces on the fixture 21 . At the bottom 
of the working zone 9, the particles tend to settle and slide down the inclined sides of the vessel towards the 

40 interconnection 13 where they are again entrained in the solution and carried round again. 

As the downwardly travelling particles in the working zone 9 encounter the workpiece, they tend to settle 
on the workpiece where they become embedded in the metal which is being simultaneously plated out. 

The fixture 21 on which the workpieces to be coated are mounted is shown in detail in Figure 4, in simplified 
form in Figures 2 and 3 and is omitted from Figure 1 for reasons of clarity. The fixture 21 comprises a deck 22 

45 which fits over the top of the vessel 1 , a depending pillar 23 towards one end and a pair of depending guides 
24 at the other end. The guides 24 have facing guideways in which slides a cross-head 25 carrying a vertical 
rack 26 which passes upwards through a hole 27 in the deck 22 and meshes with a pinion 28 driven by a revers- 
ible electric motor 29. The deck 22 supports a second electric motor 31 which drives a vertical shaft 32 carrying 
a bevel pinion 33 which engages a crown-wheel 34 fixed to one end of a spindle 35 mounted in the pillar 23. 

so The other end of the spindle 35 is connected by a universal joint 36 to a trunnion 51 on one end of a jig 52 
which is only shown diagrammatically in Figure 4 but is shown in greater detail in Figures 5 and 6. At the other 
end of the jig 52 is a second trunnion 53 which enters a spherical bearing 38 in the cross head 25. 

At each end of the underside of the deck 22 there are springs 41 by which the jig is supported on the edges 
of the vessel 1 as seen in Figures 2 and 3. Mounted on the deck 22 is a vibrator 42 whose operation can be 

55 adjusted as required by a controller, not shown. An electronic motor controller 43 is mounted on the deck 22 
and is connected by lines 45 to the motors 29 and 31. The controller 43 is designed so that, when required, 
the motor 31 is driven in one direction only (but with the possibility of a stop-start or two level action) so as to 
rotate the spindle 35 about a nominally horizontal axis (the x-axis). The controller 43 is designed to drive, when 
required, the motor 29 alternately in opposite directions to reciprocate the cross-head 24 and so superimpose 
on the rotation about the x-axis an oscillatory rotation about a rotating axis in the universal joint 36 (the y-axis). 
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30 Plating is continued for a period of 4 hours at a current density of 1 .075 amps per decimetre (1 0 amps per 
square foot) with the controller 43 set to rotate the motor 31 at such a speed as to rotate the holder 52 at 0.33 
revolutions per minute. The motor 29 is stationary during this operation but air is admitted continuously to main- 
tain circulation of the solution and suspended CrAlY particles. This plating provides a coat of CoCrAlY on the 
tip of the blade to a thickness of between 25 and 50 jim. Alternatively, the production of the binding coat may 

35 be performed using the fixture shown in Figure 8 and employing vibration as will be described in greater detail 
below. Deposition of CoCrAlY from the bath described will produce a layer having a composition which is 
approximately in weight percent A! 10, Cr 23, Y 0.5 and the balance Co. 

The holder is then rinsed over the tank with demineralised water and then removed from the region of the 
tank and rinsed in running water. The holder is then placed in a Woods nickel bath or 1 volume percent sulphuric 

40 acid bath to reactivate the surface and the fixture is then placed in a second bath similar to the first bath except 
that in place of the CrAlY particles it contains particles of cubic boron nitride of 100/200 mesh i.e. approximately 
125-150 *im. With the jig in the attitude shown in Figure 4, Le. with the blade tip horizontal and facing upwardly, 
and with the motors 29 and 31 inactive and no air being admitted through the inlet 15, plating is commenced 
at 2.7 amps per decimetre (25 amps per square foot) and air is switched on for a period of 5 seconds. The 

45 boron nitride particles go into circulation and cascade over the blade and holder. Plating is then continued with- 
out the admission of air for a period of approximately 40 minutes to secure the particles resting on the blade 
tip to the tip. It may be found that in some cases it is beneficial to have a further burst of 5 seconds of air after 
20 minutes to ensure a uniform and maximum distribution of CBN particles over the blade tip surface. The motor 
31 is now activated to turn the holder 52 slowly through 1 80° to allow excess and unanchored particles of CBN 

so to fall off. 

The fixture 21 is now removed from the CBN bath, is rinsed over the tank and is then rinsed in a static bath 
and finally rinsed thoroughly in running water. The surfaces being coated are then reactivated in a Woods nickel 
or 1% sulphuric acid bath and the fixture is replaced in the CoCrAlY bath. The motor 31 is activated to rotate 
the jig at 0.33 rpm and plating is continued for 7 hours at 1 .075 amps per decimetre (1 0 amps per square foot) 
55 for 7 hours (with continuous admission of air to maintain circulation of the solution and suspended CrAlY par- 
ticles) to fill the spaces under and around the CBN particles with CoCrAlY to a depth which, as can be seen in 
Figure 7, leaves the tips of the abrasive particles slightly proud of the surrounding CoCrAlY. 

During the infilling process to provide a matrix around the particles, the holder may be rotated with the 
start/stop action described in European patent application number 8930771 3.1 . Thus the motor 31 is controlled 
to produce a rotation of the jig 52 unidirectionally and at a speed of one rotation in 3 minutes with the rotation 
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rem, and then plating an infill around the abrasive particles. suspended the- 

2. A method according to claim 1 in which the anchoring material is cobalt or nickel. 
* t¥%Z?^ d * n 1 "** anCh ° rin9 materia ' is MCrATT where M is Ni or Co or Fe or two 

4. Amethod according to claim 2 or claim 3 in which the thickness of the anchoring material is less than 30 

5. A method according to claim 4 in which the thickness of the anchoring material is approximately 2-1 0 m . 
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7. A method according to any of claims 1 to 6 in which at least the part of the infill remote from the anchoring 
material includes abrasive particles of smaller size than the abrasive particles anchored by the anchoring 

5 material. 

8. A method according to any of claims 1 to 7 in which deposition of the infill material is followed by a heat 
treatment step to homogenise the material of the layers other than the abrasive particles. 

10 9. A method according to claim 8 in which the heat treatment is followed by an aluminizing step. 

10. A method according to any of claims 1 to 9 in which the abrasive particles are of zirconia, alumina, a nitride, 
' a sBicide, a boronide or mixtures of these materials. 

15 11. A method according to any of claims 1 to 9 in which the abrasive particles are cubic boron nitride. 

12. A method according to claim 10 or claim 11 in which the size of the abrasive particles anchored by the 
anchoring material is between 125 and 150 *im. 

20 13. A method according to claim 12 in which the thickness of the infill is between 70 and 100 urn. 

14. A method according to any of claims 1 to 12 in which the deposition of the infill is accompanied by vibration 
of the blade. 

25 15. A method according to claim 14 in which the vibration is in a direction axial of the blade or containing a 
substantial component in this direction. 

16. A method according to claim 15 in which during vibration the axis of the blade is substantially vertical. 

30 17. A method according to claim 15 or claim 16 in which the frequency of vibration is between 10 Hz and 1 
kHz. 

18. A method according to claim 17 in which the frequency of vibration is approximately 50 Hz. 

35 19. A method according to any of claims 15 to 18 in which vibration occurs at two alternating levels. 

20. A method according to claim 19 in which at one level the peak acceleration is approximately 2 g and at the 
other level is approximately 10 g. 

40 21. A method according to claim 19 or claim 20 in which the duration of the lower level phase is several times 
the duration of the higher level phase. 

22. A method according to claim 21 in which the lower level phase is for between 30 seconds and two minutes 
duration and the higher level phase is approximately five seconds duration. 

45 



55 



7 




8 




9 



EP 0 443 877 A1 




EP 0 443 877 A1 



4 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 91 30 1456 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D,Y 



Citation of d»onne*t with indication, where appropriate, 
of relevant njagggeg 



US-A-4232995 ( STALKER ET AL. ) 

* claims 1, 2 ( 4 * 

* column 2, line 61 - column 4 f line 49 * 

* figure 2 * 

GB-A-2167446 (BAJ) 

* abstract; claim 13 * 

US-A-4155721 (FLETCHER) 

* column 5 t lines 8 - 44 * 

* column 6, line 8 - column 68 * 

* figure 2 * 



The present search report has been drawn up for all claims 



Plate of Kirch 

BERLIN 



Me of ccnplettan or (m uertfc 

30 MAY 1991 



Relevant 

to 



1-3, 6, 
8-11 



l-3> 6. 
8-11 

I. 2. 4, 
8 



CLASSIFICATION OF THE 
APPLICATION (lot CW ) 



F01D5/20 
C25D15/02 



TECHNICAL FIELDS 
SEARCHED (Int. Q.5 ) 



F01D 
C25D 



Exmim 

NOVELLI B, 



CATEGORY OF CITED DOCUMENTS 

X : partkalarly relevant if taken alone 

Y : particularly relevant If cnmbiiied with another 

document of tie same category 
A : technological Background 
O : ft on- written disclosure 
P : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier 111601 document, bnt published on, or 

after the filing date 
D : document cited in the application 
I, : document dted for other reasons 



A : member of the same patent family, corresponding 
document 



BEST AVAILABLE COPY 



12 



